A proteinpurification procedure using sonication extraction from polyacrylamide gels (PAGE), which involves identification of a particular protein band and its excision, homogenization, sonication, and subsequent passage through a Sephadex G-25 minicolumn, is reported. Our results show a high degree of recovery regardless of the nature of the protein (soluble or membrane bound) or the characteristics of the gel (SDS-PAGE, native gels, or Tricine-SDS-PAGE). The percentage of recovery was dependent on the protein concentration applied in the gel. This technique is fast, gives high yield, provides good resolution, and can be used without any specialized equipment. The method was tested with a wide variety of membranes and soluble proteins and was found to give good results and to be applicable to different studies. The amino acid sequence of one of the purified proteins (R f 0.45 stallion ejaculated sperm protein) was determined successfully.
Polyacrylamide gel electrophoresis in sodium dodecyl sulfate (PAGE-SDS) is one of the most commonly used techniques in protein chemistry. Historically introduced as a test for protein purity and for estimation of the molecular weight of polypeptide chains (1), PAG-E-SDS has also been used for two-dimensional slab gel analysis, in conjunction with isoelectric focusing (2) , to study protein conformational changes (3, 4) , for peptide mapping of samples containing a heterogeneous polypeptide chain (5) , and to isolate low-molecularweight proteins (6) . The spectrum of analytical possibilities for use of this technique is so varied that it has become a standard tool in every laboratory in which proteins are analyzed or purified. Most frequently, the amount and localization of protein are of interest. However, it may also be important to purify the protein for a different aim. Enzymatic and binding activities can occasionally be detected in situ by allowing substrate or ligands to diffuse into the gel, as in the case of the precipitate line formed by the Ca-P i complex, as described elsewhere (7) .
Current gas-phase sequencing instruments require protein samples in a small volume and preferentially in a volatile solvent. Generally, HPLC satisfies both requirements, but sometimes having access to an HPLC system is the rate-limiting step in obtaining samples in the "status" required for sequencing. In addition, a well-resolved peak from an HPLC column may still be composed of several polypeptides. A simple alternative method for purifying proteins is separation by SDS-PAGE. To avoid interference with subsequent treatments, proteins must be eluded from the gel and chemical contaminants removed.
Several attempts have been made to take advantage of the enormous resolution power of this analytical system to purify proteins. For example, Ziola and Scraba in 1976 (8) and Guevara et al. in 1982 (9) , using a complex system, were able to purify the Apo A protein identified by Anderson and Anderson (10) from human plasma, whereas others used electroelution and passive diffusion to accomplish this task (1, 11) . Although electroelution is an efficient method for recovery of proteins from SDS gels, the subsequent steps reduce their yield (11) . Several techniques have been reported to improve it; however, they require a series of procedures, preparative systems, or special equipment not always available in nonspecialized biochemical laboratories. The aim of this work is to describe a simple and fast procedure for extracting and purifying proteins with a high yield and resolution, sep-arated by several electrophoretic systems including native, SDS, and Tricine gels. Sperm collection and protein extraction. Epididymal and ejaculated spermatozoa were collected according to López et al. (12) . The sperm surface proteins were extracted with 0.1% Nonidet P-40 in phosphatebuffered saline or 20 mM Tris buffer, pH 7.4, in an ultrasonic processor (high-intensity ultrasonic processor, 50-W model, with output control, 60-and 3.0-mm probes). The samples were sonicated for 3 min in an ice bath, in six passes of 30 s. The sonicated suspensions were centrifuged at 20,000g for 30 min at 4°C, and the supernatant was treated for SDS-PAGE (13) . The protein concentration was determined according to Bradford (14) .
MATERIALS AND METHODS

Materials
One-dimensional polyacrylamide gel electrophoresis. Crude bovine serum albumin (BSA), 2 hen egg white ovalbumin (OVA), rabbit muscle glyceraldehyde-3-phosphate dehydrogenase (GAPDH), trypsinogen, soybean trypsin inhibitor, and ␣-lactoalbumin (Bio-Rad protein assay standard I) as well as sperm proteins were separated by PAGE (BSA and OVA, 12% SDS-PAGE; the other proteins, 15% SDS-PAGE) according to Laemmli (13) . Crude BSA was also separated using the electrophoretic methods described by Davis (15) and Shä gger and van Jagow (6) . SDS-PAGE (13), native (15) or Tricine (6), slab minigels (Bio-Rad Scientific Instruments) were run at 100 V (constant) during stacking, increasing to 200 V when the sample entered the separating gel. Once the electrophoresis was complete, the protein bands were localized by reversible staining either with CuCl 2 (16) or with Nilo red (17) . Another method is to cut two longitudinal strips from the sides of the slab gel and to stain these with Coomassie blue (18) while keeping the rest of the gel on a glass plate in a refrigerator. After this, the stained side strips were lined up along the edges of the unstained gel and used as guide to cut out bands of interest from unstained gel as described in Hames and Rickwood (1) .
Procedure for purifying proteins. After the bands of interest were localized, they were cut out with a razor blade and washed (three times for 5 min) with 2 ml of 250 mM Tris buffer/250 mM EDTA, pH 7.4, in a Falcon tube (25 ml), followed by three rinses of 5 min with distillated water. The water was removed with a Pasteur pipet and the gel slices were chopped finely or homogenized with a spatula (in pieces of 2-5 mm). Then 1.0 ml of 20 mM Tris buffer, pH 7.4, containing 0.1% (v/v) SDS (the ratio of buffer volume to gel piece volume was approximately 2:1) was added. The samples were sonicated for 3 min, in an ice bath (five or six passes of 30 s), with a 3.0-mmprobe sonicator (high-intensity ultrasonic processor, 50-W model).
To separate the sonicated gel from the extraction buffer, 1.5 ml of sample was applied to a Penesfky column (19) and centrifuged (10 min at 500g), obtaining a final volume of 1.0 ml protein free of gel matrix (Fig. 1) . As indicated in Fig. 1 , the column was built with a 5-ml syringe filled to 1 ml with Sephadex G-25 resin, equilibrated with 20 mM Tris buffer, pH 7.4, containing 0.1% (v/v) SDS. Prior to the application of the sample, the column was dried by means of centrifugation. (This procedure can be done using the Tris buffer with or without SDS.)
Samples not immediately used were stored at Ϫ20°C. Aliquots were removed for protein determination. The purified proteins (20 g) were rerun by SDS-PAGE under reducing conditions (10% 2-mercaptoethanol) in slab minigels and stained with 5% Coomassie blue R-250 or silver nitrate (20) for densitometric analysis and determination of the percentage recovery.
Densitometric analysis. The apparent molecular weights of the proteins were calculated by comparison of their electrophoretic mobilities with those of protein standards run on the same slab gel. The relative amounts of protein were quantified by densitometry, using a computational program (21) , from a TIFF image obtained with a commercial scanner at 400 dpi. The "gel perfect" program described by Bozzo and Retamal (21) calculates the relative mobility (R f ) of each stained band and the area occupied by it, giving also a diagrammatic presentation of the protein bands and their relative concentrations in relation to the total protein by lane.
To determine the percentage of proteins recovered from the gels, we use the same "gel perfect" computational program (21) . With this objective, SDS-PAGE gels of purified proteins and crude proteins (diluted to the same dilution factor as the purified protein) were digitized and the peak areas under the curves of the purified and crude protein bands were compared. The ratio of both areas (relative concentration) gave us the percentage recovery.
Electroblotting. Some gels were blotted to polyvinylidene fluoride (PVDF) membranes (Immobilon, Millipore (UK) Ltd.) using a semidry cell or a Trans-blot cell from Bio-Rad. The PVDF membranes were stained with Coomassie blue R-250 (18) . The bands of interest were excised, washed thoroughly in distilled water, and subjected to amino acid sequence analysis.
Amino acid sequence determination. The amino acid sequences of the peptides were determined in an automatic sequencer running under the conditions of Edman's degradation method (22) in a Shimadzu PPSQ-10, and the phenylthiohydantoin amino acids were identified in a C-18 column. The resulting sequences were compared and alignments were made using the BLAST-NCBI algorithm (23) .
RESULTS
We used a wide variety of membrane and soluble proteins to test the purification procedure described in the present work. SDS-PAGE gels of six different wellknown proteins, generally used as molecular weight standards, are shown in Fig. 2 . As can be observed in the electropherograms the crude samples contained some contaminants (lanes 1, 3, 5, 7, 9, 11 ). After purification, these proteins were again analyzed by SDS-PAGE (lanes 2, 4, 6, 8, 10, 12) , and only one characteristic molecular weight band was detected (Fig. 2A) . The lanes are as follows: bovine serum albumin, lanes 1 and 2; ovalbumin, lanes 3 and 4; GAPDH, lanes 5 and 6; trypsinogen, lanes 7 and 8; soybean trypsin inhibitor, lanes 9 and 10; and ␣-lactoalbumin, lanes 11 and 12. Figure 2B shows the corresponding densitogram. The percentages of protein recovery varied from 80 to 99%.
To obtain an estimate of the minimal amount of sample required by this protein-purifying procedure, we loaded slab minigels with 1-10 g of BSA. We observed that 3 g was the minimal amount of protein necessary to detect bands and obtain sufficient purified protein. This apparent drawback to the method can be overcome easily by using several pieces of gel containing less than 3 g. As shown by the SDS-PAGE of increasing concentrations of BSA samples (Fig. 3A) , the yield, but not the purification degree, is dependent on the protein concentration. According to these results, the amount of protein loaded in an individual lane should be enough so that each band corresponds to at least to 3 g of sample to obtain 50% recovery, but even when the recovery is low, the purity of the resulting protein is high (Fig. 3B) .
One of the major prospective uses of the technique is to purify samples that retain biological activity. One approach is to separate proteins in nondenaturing electrophoretic systems such as the one described by Davis (15) . We also tested the purification procedure under different electrophoretic conditions, and our results showed that proteins samples could be successfully purified from native and Tricine gels as well as standard SDS gels, achieving an approximately 80% recovery (data not shown).
To further check the effectiveness of our procedure, we used different protein samples from stallion epididymal and ejaculated spermatozoa, obtaining a satisfactory protein purification. After SDS-PAGE of crude ejaculated sperm protein samples, at least eight major proteins with R f values varying from 0.4 to 0.9 could be observed (Fig. 4A , lane E). After purification with our technique, six proteins with different R f values could be isolated (Fig. 4A, lanes 1-6) . The obtained recovery and the purity index are shown in Fig. 4B . The NH 2 -terminal region of the R f 0.45 sperm protein was determined, and only one sequence was detected, DLQTXGAEHSADVNPDQQLIM, displaying 100% homology with HSP1, a major protein isolated from stallion seminal plasma (24) . Similar results (90% yield) were obtained when three different protein samples from epididymal spermatozoa were purified.
DISCUSSION
The present work reports a successful procedure for purifying proteins of a wide range of molecular weights, isoelectric points, and aggregation states. The proteins tested included both integral membrane pro- teins of epididymal and ejaculated sperm cells as well as soluble proteins. These proteins were easily purified from a pool of proteins of a crude sample with a high yield in a fast and inexpensive way.
Various procedures have been developed to improve the recovery of proteins from gels, including electroelution onto glass-fiber filters and blotting onto PVDF membranes. Proteins bind to the membrane through hydrophobic interactions and can be visualized by staining with transient or reversible dyes (25, 26) . Unfortunately, a blotting membrane that binds 100% of molecules does not exist and small particles often migrate through the film, while larger proteins have not yet completely left the gel; thus, the amount of protein that is detected by sequencing on PVDF membranes is generally 10 to 60% of the amount of sample that is loaded in the gel (11) . This value represents a 30 -80% recovery of the sample on the blot and a 50 -80% initial yield from the sequencing instrument (11) . These data are important because the number of amino acid residues identified in protein sequencing analysis depends on the amount of sample. Electroelution has the advantage over electroblotting that a protein cannot be overeluted from a band. However, subsequent steps (concentration and buffer exchange) could decrease the amount of protein recovered.
Another procedure already described is the homogenization of gel slices (27) , but this procedure has some drawbacks such as the slow diffusion of the protein from the gel to the solution when concentrated gels are used. Some alternatives proposed to solve this problem require expensive equipment and are difficult to adapt to a large number of samples or large amounts of gel. Methods involving swelling of the gel in strong bases such as quaternary ammonium compounds give variable results, and hydrogen peroxide solubilization, a commonly used method, causes loss of radioactivity and quenching during scintillation counting (28) . Solubilization of polyacrylamide gels could therefore be a good alternative, but proteins located in deeper parts of the acrylamide matrix are difficult to extract. Sonication of the gel band, as it was described here, could overcome all these problems.
The procedure developed in our laboratory is based on the greater solubility that a protein has for the solvent when compared to the acrylamide array. When a protein is highly concentrated in a polyacrylamide porous matrix, sonication allows enlarging or disrupting of the polymeric lattice, changing the structure or the dimensions of the pores and thus releasing the protein from the gel to buffer. Because the solubility of a protein is favorable toward the solvent, it does not return to the gel matrix. Moreover, the small amount of solvent diminishes the loss of protein and makes it possible to obtain the desired yield. Our results show that the proposed procedure has several advantages over other procedures used to purify proteins from polyacrylamide gels bands, such as high yield, resolution, reproducibility, simplicity, and speed.
Although the molecular weight and isoelectric point are distinctive features of a protein, unambiguous identification ultimately depends on determination of its amino acid sequence. The unknown stallion ejaculated protein, isolated using the proposed method (R f 0.45/25 kDa) displayed only one sequence, homologous to HSP1, a previously described seminal plasma protein (24) . Our recovery data varied from a minimum of 80% (native gels) to 95% (SDS-PAGE). Some samples were homogenized and purified using Tris buffer (20 mM, pH 7.4) without SDS and the recovery percentage was only slightly lower. We also observed that the yields were similar among samples with different states of aggregation. Our results show that it is not critical to use a large amount of starting material to obtain enough purified protein either to develop an immunoassay or to characterize a protein chemically. Also because it requires approximately 1 h to obtain the desired sample, the final protein can be used for total trypsin digestion prior to peptide mapping.
